This article calculates the sectoral and industrial business cycles by means of the band-pass filters by Baxter and King (1999) and Christiano and Fitzgerald (2003) , to subsequently analyze the correlations between the sectors and industries and the overall economy. It can be shown that the correlations between the business cycles of the sectors and industries and the overall economy differ strongly. The agriculture sector and the industries mining and quarrying, electricity and education for example exhibit almost no correlation with the overall economy; The wholesale and retail as well as the transport industry on the other hand have a high correlation. By means of an analysis of the leading and lagging correlations it can be shown that the wholesale and retail industry leads the overall economy by two quarters. Thus, the wholesale and retail industry can be used as an indicator for the development of the overall economy. JEL Classification: E32, E37
Introduction
The formation of the European Monetary Union led to an entire series of articles about the correlation and synchronization of business cycles. Most articles discuss the correlations of business cycles between different countries and regions.
But there is no commonly know article which is dealing with the correlation of sectoral and industrial business cycles. Therefore, the following article calculates and analyzes the correlations and betas of sectoral and industrial business cycles.
The analysis of the correlations of sectoral and industrial business cycles is interesting out of four aspects. First, it throws a new light on the relevance of the studies of the convergence and synchronization of business cycles of different countries. If it can be shown that the sectoral and industrial business cycles only correlate weakly, it must be assumed that the business cycles of two countries, which differ strongly in the structure of their sectors and industries, also display a relatively weak correlation. 
Data and Definitions
The Office for National Statistics publishes quarterly indices (at constant prices) of the gross value added for 16 industries. In the following these 16 industries are, as shown in table 1, summarized in 4 sectors and 14 industries. The data on the gross domestic product belonging to these statistical series are only available since 1955. Therefore, in the following series available for a longer period of time will only be analyzed since 1955. As most European economies, and certainly also the one of the United Kingdom, were strongly affected by the war and post-war events until the fifties, this circumstance should not be valued too negatively. However, it can be assumed that most economies recovered from these events until the year of 1955, hence an unaltered gross domestic product is at hand since 1955. Table 1 not only shows the classification of the sectors and industries, but also their size in percentage of the gross domestic product, their average logarithmic return and the respective standard deviation. It can be seen that service sector and its industries transport, financial, real estate, health and other ser-3 Whereas the agriculture and construction sector are also considered as industries.
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vices as well as the electricity industry were expanding between Quarter I 1955 and Quarter IV 2005. All other sectors and industries were diminishing.
Filter Methods
In practice several filter methods are used to extract business cycles from the gross domestic product. The methods from Hodrick and Prescott (1997) , Baxter and King (1999) and Christiano and Fitzgerald (2003) are the ones most frequently applied. As the last two methods are very similar -both are approximations of the ideal band-pass filter -only these will be analyzed in the following. The statistical end economical differences between the Baxter and King and the Christiano and Fitzgerald filter are explained in Everts (2006) .
As the two filters differ amongst others in the accuracy of the approximation of the ideal band-pass filter with respect to the length of the cycles considered and in the amount of calculable data points towards the ends of the data series, both filters will be analyzed and compared in the following sections.
Baxter and King Filter
For the Baxter and King (1999) filter three specifications are needed: the minimum and maximum duration of the business cycles and the desired length K of the approximated moving-average.
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For the minimum and the maximum duration Baxter and King (1999) refer to Burns and Mitchell (1946) and propose the values of 6 and 32 quarters respectively. However in Everts (2005) it was shown that the minimum and maximum duration have changed significantly since Burns and Mitchell. Therefore, in the following the modified Bry and Boschan (1971) procedure developed by Everts is used to determine the minimum and maximum duration as accurately as possible.
5 Table 2 shows the minimum and maximum duration of the business cycles for the different sectors and industries calculated with the procedure.
For the third variable which is needed for the calculation of the Baxter and King (1999) filter, namely the desired length K of the moving average, Baxter and King propose a value of 12 quarters. As it is preferable to remain as comparable as possible to other authors, a K-value of 12 quarters is chosen in the following. 
Christiano and Fitzgerald Filter
The filter by Christiano and Fitzgerald (2003) only requires two specifications, namely the minimum and the maximum duration of the business cycles. 6 Furthermore a detailed analysis of the optimal value of K showed that K = 12 leads to a very good approximation for all sectors and industries.
7 For a detailed description of the Christiano and Fitzgerald (2003) filter please refer to Everts (2006) .
4 Sectoral Business Cycles
In this section the two filters by Baxter and King (1999) and Christiano and Fitzgerald (2003) are applied to the 4 sectors of the United Kingdom as defined in table 1. Table 2 shows that the minimum and maximum durations are not the same lengths for all sectors. Hence, the question arises whether the filters by Baxter and King (1999) and Christiano and Fitzgerald (2003) can be applied to individual sectors with different minimum and maximum durations. This question can be answered positively, as the proper minimum and maximum duration for each individual sector has to be employed in order to get an accurate analysis of the business cycles. In Everts (2005) it could be shown that the variability of the growth rate of the long-term trend is overestimated (underestimated) and the amplitudes of the medium-term business cycles underestimated (overestimated) if the maximum duration is chosen too short (long). Moreover, it was shown that if the minimum duration is chosen too long (short), the amplitudes of the medium-term business cycles are overestimated (underestimated).
Baxter and King Filter
In the following, the Baxter and King (1999) filter is calculated on the basis of the minimum and maximum durations from table 2 for the overall economy as well as for each of the 4 sectors. Figure 1 shows the filtered business cycles of the overall economy of the United Kingdom and (hatched gray) the recessions according to the procedure developed in Everts (2005) . When taking a closer look at the filtered data, it becomes apparent that the first and last twelve quarters are missing. Those are the K = 12 quarters which are needed for the approximation by Baxter and King (1999) . Moreover it is apparent that the large recessions, thus the timeframes in which the filtered business cycles point strongly downwards, coincide relatively well with the recessions of the procedure.
8 Figure 2 shows the filtered data for the individual sectors of the United Kingdom as well as (hatched gray) the recessions according to the procedure developed in Everts (2005) . All four diagrams of figure 2 are equally scaled. As the data -as mentioned in section 2 -are indexed, the cycles are comparable to each other. It becomes apparent that the agriculture sector exhibits the largest and the service sector the smallest business fluctuations. If the scaling is compared to the scaling of the gross domestic product, it becomes clear that the sectors agriculture, production and construction feature higher amplitudes than the overall economy, thus these sectors are exposed to higher fluctuations than the overall economy. The service sector on the other hand clearly exhibits smaller amplitudes and consequently is less affected by fluctuations than the overall economy.
To measure these differences between the maximum business fluctuations, the average of the maximum and minimum amplitudes of the different sectors were calculated and compared with the average of the maximum and minimum amplitude of the overall economy. The maximum business fluctuation of the 8 The discrepancy of Quarter II 1991 to Quarter IV 1992 is a stagnation phase. 
Christiano and Fitzgerald Filter
In the following, the business cycles for the overall economy and the 4 sectors are calculated by means of the Christiano and Fitzgerald (2003) filter. 
Industrial Business Cycles
In the following, the two filters by Baxter and King (1999) and Christiano and Fitzgerald (2003) 
Baxter and King Filter
Figures 5 and 6 show the filter by Baxter and King (1999) as dotted line; the recession according to the procedure developed in Everts (2005) are displayed gray hatched. It shall be emphasized that the y-axis are not equally scaled. It is remarkable in the figures 5 and 6 that the industries wholesale and retail, hotels, financial, real estate, education and health possess a shorter data set.
These data series are -as already mentioned in table 2 -only available since 1973, 1978 and 1986 respectively. As the health industry furthermore does not exhibit a business cycle, but only a recession, and therefore does not have any specifications about the minimum and maximum duration of the business cycles, no filter can be calculated for this industry. Table 3 shows the characteristics of the business cycles. A first characteristic attribute is the amount of business cycles. However, this amount is not calculated on the basis of the gray hatched areas (as it is the case in table 2) but by means of a modified procedure from Everts (2005) . The procedure was modified in a way that it is applicable to filtered data and only measures peaks above zero and troughs below zero. By means of these turning points the amount of business cycles is computed. The second characteristic attribute is (as already in section 4) the average of the maximum and minimum amplitude, which to simplify matters is referred to as maximum amplitude. A third attribute then shows the difference between the maximum amplitude of an industry and the maximum amplitude of the overall economy. This difference indicates whether an industry is exposed to stronger or weaker business fluctuations than the overall economy. The fourth and last characteristic attribute of the filtered business cycles denotes the standard deviation. Together with the maximum amplitude and the amount of business cycles this figure shall allow a statement about the variability of the cycles.
From table 3 and from the figures 5 and 6 it becomes apparent that the industries agriculture, mining and quarrying and electricity exhibit an extraordinarily high amount of business cycles as well as very large business fluctuations. The public administration industry also possesses many business cycles, but the business fluctuations in this industry are marginal. Not necessarily astonishing is the fact that the education industry possesses minor business fluctuations as well.
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Interesting is amongst others the remarkable recession in the electricity industry during 1984/85 as shown in figure 5. Thereby it must be mentioned that the electricity industry, as apparent from table 1, spans electricity as well as gas and water supply. Glacing at the mining and quarrying industry, one sees that also this industry was in a recession during 1984/85. The recessions in both industries are due to a strike of the miners which affected the mining and quarrying industry as well as the electricity industry. During this strike the energy crises in the United Kingdom reached its peak; shortly afterwards -1986 for the gas and 1990 for the electricity -began the privatization phase.
In the following, not the single recessions or booms shall be analyzed but the interrelationships of the business cycles of the individual industries as such.
It becomes apparent from table 3 that the sectors agriculture, production and construction as well as their industries feature exceedingly high business fluctu-14 ations. The service sector on the other hand exhibits smaller maximum amplitudes than the overall economy.
A similar result is reflected in the standard deviations of the individual sectors and industries in table 3. The standard deviation of the business cycles of the sectors agriculture, production and construction and their industries is higher than the standard deviation of the business cycles of the overall economy, the standard deviation of the service sector on the other hand is lower. It can be seen in table 4 and figures 5 and 6 that both the sectors agriculture, production and construction and their industries exhibit surpassing maximum business fluctuations. For the service sector and its industries financial, real estate, public administration and education on the other hand the business fluctuations appear to be lower than those of the overall economy.
The standard deviations of the sectors agriculture, production and construction and their industries are on average again larger than the standard deviation of the overall economy. This leads to the conclusion that the business cycles of some sectors or industries have to be negatively correlated with the business cycles of the overall economy. This aspect, namely the correlation of the individual sectors and industry towards the overall economy, will be discussed in section 6.
6 Correlations of Sectoral and Industrial Cycles 
whereas ω i is the weight of the sector i in respect to the overall economy, ρ i,M the correlation of the sector i with the overall economy M and σ i and σ M the standard deviation of the sector i and the overall economy M respectively.
As the correlations and thus also the weighted betas vary relatively strongly over time, 10-year rolling windows are calculated in the following. The time varying 10-year correlations are then displayed in figures 7 and 8. Moreover, the average of the 10-year rolling windows over the whole horizon is indicated in tables 5 and 6. For all sectors and most industries the longest data set is 50 years. However, for the hotels industry it is 37 years, for the industries wholesale and retail, education and health only 32 and for the industries financial intermediation, real estate and other services merely 19 years.
As mentioned in section 5 the filter methods by Baxter and King (1999) and Christiano and Fitzgerald (2003) differ in various aspects.
10 Hence, in the following the correlations and the weighted betas are analyzed separately for both filters.
Baxter and King Filter
Besides the average of the 10-year rolling windows for the sectors and industries, table 5 also shows the standard deviation of the 10-year rolling windows and the correlations and weighted betas of the last ten years. As a Baxter and King (1999) filter is analyzed here, for which -as already mentioned before -the last K = 12 quarters are missing, the last ten years correspond to the time period between 1992 and 2001.
Furthermore, figures 7 and 8 show the correlation of the 10-year rolling windows over time. However, it shall be pointed out that a 10-year rolling window for quarterly data only contains forty data points and hence reacts relatively strongly to small changes. At first sight, the correlations of the individual sectors and industries in To actually serve a government which desires to invest anti-cyclically as a decision base, a high and stable correlation alone is not enough. Rather, a sector or industry should also exhibit a high weighted beta and thus, have a strong impact on the overall economy. Once more the correlations of the individual sectors and industries are strikingly different and vary over the whole time horizon between -0.160 and 0.832. 
Christiano and Fitzgerald Filter

Leading and Lagging Correlations of Sectoral and Industrial Business Cycles
It is often assumed that some sectors and industries are leading or lagging the overall economy. Therefore, the leading and lagging correlations of the sectors and industries shall be analyzed in the following. For this purpose, as already in section 6, the average of the 10-year rolling windows is calculated. The 10-year correlations of the rolling windows are again based upon the data of the two 12 Also the correlations for the service sector strongly depend on whether they are calculated by means of the Baxter and King (1999) or the Christiano and Fitzgerald (2003) filter.
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filters by Baxter and King (1999) and Christiano and Fitzgerald (2003) . Table 7 shows the leading and lagging correlations according to the Baxter and King (1999) filter for the 2 and 4 quarters leads and lags. Table 7 shows that the 2 quarters auto-correlation of the overall economy amounts to 0.749, the 4 quarters auto-correlation to approximately 0.306.
Baxter and King Filter
Examining the correlations of the sectors and industries with the overall economy it is striking that the industries wholesale and retail and other services exhibit very high 2 quarters leading correlations. 13 In other words: the wholesale and retail industry is well suited for half-year forecasts of the overall economy.
Admittedly this is not surprising as the consumer confidence is considered to be a relatively good indicator for the future development of the overall economy.
The 4 quarters leading correlation with the overall economy on the other hand is only significantly higher than 0.75 for the other services industry. For the wholesale and retail industry the 4 quarters leading correlation is with 0.688 still relatively high; but in contrast to the half-year forecast it is not suited for a year forecast of the overall economy.
Considering the lagging correlations it is remarkable that the industries manufacturing, transport and real estate exhibit a significantly high 2 quarters lagging correlation with the overall economy. These industries cannot be used to forecast the overall economy, however the overall economy can forecast the development of these industry on a half-year basis.
Not apparent in table 7, but nevertheless interesting, is the fact that the wholesale and retail industry exhibits with 0.820 and 0.834 a significantly high 2 quarters and 4 quarters leading cross-correlation with the real estate industry.
The wholesale and retail industry can thus be employed for half-year as well as year forecasts for the real estate industry. Furthermore the wholesale and retail industry also features a high 2 quarters leading cross-correlation with the industries hotels and transport. And last but not least the construction sector and the manufacturing industry show a high 2 quarters leading cross-correlation with the real estate industry. Table 8 shows the leading and lagging correlations according to the Christiano and Fitzgerald (2003) filter; again only the 2 and 4 quarters leads and lags are indicated.
Christiano and Fitzgerald Filter
It is interesting that according to the Christiano and Fitzgerald (2003) filter the wholesale and retail industry exhibits a high 2 quarters leading correlation as well. Hence, it can be concluded that the wholesale and retail industry truly is well suited for half-year forecasts of the overall economy. The second high value is the 2 quarters lagging correlation with the transport industry, which seems to behave rather sluggishly compared to the overall economy.
Analyzing the cross-correlations between the individual sectors and industries it can be concluded that only two industries possess a significantly high cross-correlation: the wholesale and retail industry has a high 2 quarters leading correlation with the hotels industry and the construction sector shows a high 2 quarters leading correlation with the real estate industry.
Conclusions
The article at hand first calculates the sectoral and industrial business cycles on the basis of the band-pass filters by Baxter and King (1999) and Christiano and Fitzgerald (2003) , to subsequently analyze the correlations between the cycles of the sectors as well as industries and those of the overall economy. However, the article at hand not only calculates the correlations and crosscorrelations but also the leading and lagging correlations of the sectors and industries with the overall economy. Thereby it can be shown that the wholesale and retail industry features a high 2 quarters leading correlation with the overall economy. In other words, it is shown that the development of the wholesale and retail industry is well suited for half-year forecasts of the overall economy.
32
A Cross-Correlations 
